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(54) Labels 

(57) Polymeric films including a layer of propylene 
polymer resin having microvoids tiierein, the microvoids 
having been formed by stretching a web containing the 
beta-form of polypropylene, iiave shown low static ding 
when being unwound from rolls in lak)elling operations 
and also during destacking of pre-formed labels. The 
invention provides labels formed from such films. 
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„~l-i»M. MKS 01 aalic ctooe ixiik) up can be rrtuced. lof example, by acUmo relalvely large amounB 
of ^SS.'S?^^ J!S?w.trCeo can alS, !«. » <*e, unCeeiraMe phyeica, e«e« eu* a. ™duaa, pnM 

°*SlnT»'?an obi«» of the ln«n<ion p,<»ide leaned t»»n P=*^^ 
p-^I^tCTpC^nC^l^-X^n^^Sln^e 

(a) forming a film comprising the bela-fbrm of polypropylene; 

(b) stretching the f ilm to form microvoids; and 

(c) cutting the film into labels. 

inaccordancevimh the present invertion. there is also providedapolymeric label form^ 
opaaJe ^fSTp^ene ^,lymer that does not include void-initiating particles or OP^^'^^P^^ 
^^IfrtJroSiS^ealurJs. and advantages of the invention will become apparent from the detailed descnpbon of 

bas^nh'av1;.gmtorovoids therein, the mic^ 

""^S'SSene-based resin- or "polypropylene-based polymer and "Polypropylene" are used 8ynon>iT»i»ly^ 
Thesete^hrmCS^j^ersconSJn^i^ 
so ""^eb-shallmeanasheetlikeextrudateresultingfromexIrudinBtherespecfivepolymerm 

'^'^^s^c-s^rrir^^^^^^^^ 

'""^S-rS Xr^enrsrmtar: aystalline r^'^ of p^yprop^ene whi* has a lower meitng 

«n» mm wuherein the reduced density is lower than that of a corresponding film without any voids. 

ISr^C frSJX^ene fUms with microvoids therein and produced by st^tehing a web containing the 



SOOCID: <EP_0865909A1J_> 



* Best Available Copy 



EP 0 865 909 A1 



beta-form of polypropylene have been found to destack readily without the addition of an antistatic agent. In order to 
reduce static ding still further, an antistatic agent can. if desired, be added to the films to reduce static cling between 
labels in a stack or static generated on unwinding reels of the films. But in general the amount of antistatic agent can 
be kept to levels typically used for packaging films. Any desired antistatic agent can optionally be used in the labels. 

5 The beta-form of polypropylene is relatively unstable compared with the conrespondtng alpha-form under the con- 
ditions normally used to produce polypropylene films. Thus, when melts of polypropylene are extruded and then cooled 
to form a polymeric film, which may then subsequently be stretched, the alpha-form of polypropylene tends to predom- 
inate. However, it is known to produce films using polypropylene containing high concentrations of the beta-form of poly- 
propylene by mixing polypropylene containing a high proportion of the alpha-form with a suitable nucleating agent which 

10 induces the formation of high concentrations of the beta-form when it Is molten and subsequently cooled. 

One example of such a process is described in U.S. Patent No. 4.386.129 which is incorporated herein by refer- 
ence, in which a variety of so-called beta-nucleators are dispersed in polypropylene following which films are produced 
therefrom by melting and subsequent cooling, the crystallinity of the resulting cast films being controlled by appropriate 
adjustment of the cooling conditions. Selective extraction of the beta-form of the polypropylene from the films leaving a 

15 matrix of the alpha-form is then used to impart porosity to the films. 

U.S. Patent No. 5,231 ,126. which is incorporated herein by reference, describes the use of two component mixtures 
of beta-nucleating agents to produce microporous films by mono- or biaxial stretching cast polypropylene webs contain- 
ing a high concentration of the beta-form of polypropylene resuHing from the use of the mixture of nucleating agents. It 
is believed that the porosity results from voids induced by the change of the beta-form into the alpha-form during the 

so stretching process, the alpha-form having a higher density than the beta-form from which it is derived. The development 
of porosity during the stretching process is accompanied by a significant reduction in apparent film density and the films 
become opaque with a high degree of whiteness. 

More recently it has been proposed in EP 0632095. which is incorporated herein by reference, to use a variety of 
organic amides as beta-nucleating agents in the formation of mono- and biaxially stretched polypropylene films. A melt 

25 of a mixture of polypropylene and the beta-nucleating agent are cast into a film web which is allowed to crystalize at a 
temperature of 15 to 140^0 to form a solid web containing the beta-form of polypropylene. The web is then mono- or 
biaxially stretched at a temperature above 20''C but less than the melting point of the beta-form crystals in the web. The 
resulting stretched films are said to have high whiteness and hiding power combined with prtntability and writeability. 
Microvoid formation during the plastic deformation of the beta-form of polypropylene Is also described in the journal 

30 POLYMER (Vol. 35. No. 16. pp. 3442-5. 1995; and Vol. 36. No. 13. pp. 2523-30, 1995) which is incorporated herein by 
reference. Porosity is said to increase with higher crystallization and lower stretching temperatures. All samples con- 
taining the beta-form apparently become opaque when stretched at temperatures below 120-130*^0. 

Opacity due to microvoid formation also occurs when propylene homopolymers are blended with a veu'tety of incom- 
patible paniculate materials and then biaxially stretched, numerous examples of this being known from the prior art. 

35 Typically, phase distinct organic or inorganic materials with a particle size of 1 to I0^m are used to impart opacity. 

In the present invention, the polypropylene-based resin or polypropylene based polymer can be any resin or poly- 
mer containing propylene units, generally at least 50% by weight of propylene units, preferably 80-100% by weight of 
propylene, for example 95-100% by weight of propylene, in each case based on the total polymer weight. The polypro- 
pylene-based polymer is preferably a propylene homopolymer or a random or block copolymer or terpolymer containing 

40 a major proportion (80-100wt%) of units derived from propylene, the remainder being ethylene or butylene and having 
a crystallinity of at least 40%. preferat)ly 50 to 90%. Usually the polypropylene based polymer has a melting point of 
140-170'' C. preferably ISS-ieS'^C and a melt flow index (DIN 53 735 at 21.6 N and 230<*C) of 1.0 - 10 g/10mln. prefer- 
ably 1 .5-6.5 g/IOmin. Most preferred is isotactic propylene homopolymer containing about 100% propylene units and a 
melting point of 160-162**C. 

45 The nucleating agent used to induce the formation of the beta-form of the polypropylene of the base layer can be 
selected from those proposed hitherto for the purpose. Any desired nucleating agent or agents can be used. However, 
particularly good results have been achieved using amides as proposed in EP 0632095. (hereby incorporated by ref- 
erence) and more particularly N,N*-dicyclohexyl-2.6-naphthalene dicartxsxamide. 

The amount of nucleating agent used to induce the formation of the beta-form of polypropylene can be varied, for 
so example from 0.0001 to 5 wt%. preferably from 0.001 to 2 wt% of the nucleating agent based on the weight of polypro- 
pylene, as described in EP 0632095. particularly preferred amounts being from 0.001 to 1 wt%. 

The polypropylene should have sufficient amounts of the beta-form so as to form the desired amount of microvoids. 
and to give the desired opaque appearance when thia film is stretched. 

Films used to form labels in accordance with the present invention can suitably consist of a single layer of a poly- 
55 propylene-based resin containing microvoids. but they can also include one or more further layers, for example, to 
impart particular properties to the labels. The films can, for example, include an outer printable layer, and this outer layer 
can be in direct contact witii the voided polypropylene base layer, or can be an outer layer on one or more intermediate 
layers on the base leyer. 
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Further layers if included are preferably formed from polydefins. but can be suitably fornried of any material^ Exam- 
vlic acids and derivatives thereof, for example, acid ionomers and anhydrides. , ^ , ^ 

"^^^^^^rnAU in »c<>x)»«» with «.e p,««m ln««»n can «so opHonall, include one or mote adJB^ 

rS:;^'!:^'! ,n«n«on, n, ««na, .dd»i«e. « "^^"^^"^ 
«rZrfW^«ne teraohtalate (PET) or titanium dioxide or other white pigments are needed to give an opaque iiim. 
'Semi^res tr^S;^^ than po.ypropy.ene and being incompati«e wrth po.ypropy.ene and causing for- 

S^Hl2^t^r^tSSth.vol*dl«^o»M»p^^^ 

anbtrnti. '^^^^IJ^"'^^^ Wooolino temperMute Is prefsMUy not more thm MCrC. pretei»bly not 



coding llqukJ. ^„^„„ the cao.ed web can be effected under conditions known in the polypropylene f flm 

terred teroerature range tor stretching in the machine direction is from TO to 11 CyC. and more P^®'«TX«: , Z 
?S c STJ^S raVused in the maliine direction will usua..y be at .east 3:1 . and a prefenred range is from 3.5.1 to 



45 I 



50 95**C. The stretch ratio used in 
8:1 



55 



subsequent stretching of the f i.ms in the transverse direction will in gene«^ be 
are wnveiSonaUy used for the transverse stretching of polypropylene films, for example. J®"^ 

rtTfl^.ly^rred to effect stretohing in the transverse direction at temperatores ol 120-C to not more tt^ 
rioC ^XrSly^t more than 1 SO^C in order to produce 

r^o used in the transveree direction is preferably from 3:1 to 10:1 . preferably 5:1 to 10 1. 

iS o«,Jra^ rt fe^Sed that the area stretch ratio of fi.m used to produce labels in accordam^ wrth the presem 
inveiiorbnl ifl fnd preferably at .east 20:1 . Much higher area stretch ratios can be used, for example, up to 
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70:1 , birt lower area stretch ratios, for example less than 50:1, will usually be used. A preferred range of area stretch 
ratios is from 25:1 to 50:1 . The area stretch ratio is the overall stretching applied to the film. In case of a first stretching 
lengthwise and a subsequent stretching crosswise the area stretch ratio results from multiplying the stretch ratio length- 
wise and crosswise e.g.. stretching lengthwise 6:1 and crosswise 8:1 gives an area stretch ratio of 48:1. 
5 Either or both surfeces of films used to produce labels in accordance with the present invention are preferably 
treated to increase their surface energy, and hence their printabiltty, for example, using flame or corona discharge treat- 
ment. 

Labels in accordance with the present invention can have any desired thickness. The labels of the present invention 
will usually have thicknesses of from 40 to 80^m. although they can, if desired, be thicker or thinner, for example 
10 depending on the eventual end use of the labels. In most cases, they will be at least 25\itr\ thick. When an outer layer 
is present on either or both sides of the voided propylene polymer layer, It preferably has a thickness of from 0.2 to 6^. 
and more preferably from i .0 to 4.0jim. 

The fdllowing Examples are given by way of illustration only, and do not limit the scope of the inventton. 

15 Examples 1 and 2 




A two layer polymer web was produced by coextruding through a slot die a base layer of propylene homopdymer 
containing 0.1 wt% of a beta-form nucleating agent (N,N'-dicyclohexyt-2,6-naphthalene dicarboxamide; NJ-8tar NU- 
100. ex New Japan Chemical Co.. Ltd.) but no added antistatic agent, with a layer of a propylene/ethylene copolymer 
20 (4 wt% ethylene). The homopolymer layer was cooled by bringing it into contact with a chill roll having a surface tem- 
perature of 100**C. and the copolymer layer was cooled in the ambient air. 

DSC measurements indicated the homopolymer layer contained a high level of the beta-form of polypropylene with 
T„,of 153»C. 

The cooled web was then stretched 4.5:1 times in the direction off extrusion by contacting it with heated rolls at 90*^0 
25 and having different peripheral speeds to produce an opaque mono-axially stretched web. DSC showing that virtually 
all of the beta-polypropylene had been converted into the alpha-form. 

The mono-axialiy stretched web was then stretched 8.0:1 in the transverse direction in a stenter oven either at 
1 28''C (Example 1 ) or at 1 44*'C (Example 2) to produce two biaxiaify stretched films which were cooled, and then wound 
up into reels. The overall thicknesses, densities and optical densities of these films are given in Table 1, and in both 
30 cases, the single layer of the copolymer was Ifim thick. 

Both films unwound readily from their respective reels, and samples of the respective films cut into individual labels 
and formed into stacks were easily renrx)ved from the stacks without significant static ding between the labels. 



Examples 3 and 4 

35 

A polymer mono-web was produced by extruding through a slot die a melt of the propylene homopolymer and beta- 
form nucleating agent used in Examples 1 and 2, again without any added antistatic agent. One surface of the web was 
either cooled at 100**C (Example 3) or at SO^'C (Example 4) by contact with a chill roll having its outer surface at the 
appropriate temperature, the other surface of the web being cooled in the ambient air. 

40 Each of the cooled webs were then stretched 3.5:1 in the direction of extrusion by passing them over heated rolls 
at either SO^'C (Example 3) or 9Q*C (Example 4) to produce opaque monowebs. 

The mono-axially stretched webs were then stretched 6.0:1 in the transverse direction using a stenter oven at either 
153*^0 (Example 3) or 135°C (Example 4) to produce two biaxially stretched films which were cooled and then wound 
up into reels. The overall thicknesses, densities and optical densities of these films are given in Table 1 . 

45 Both films unwound readily from their respective reels, and samples of the respective films cut into individual labels 
and formed into stacks were easily removed from the stacks without significant static ding between the labels. 



Table 1 
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Ex. 


Chill Temp 


MD Temp 


Stretch 
Ratio (x:1) 


TD Temp 
(^C) 


Stretch 
Ratio (y:1) 


Overall 
Film Thick- 
ness (^m) 

(Q/ctrP) 


Optical Den- 
sity 


Density 


55 


1 


100 


90 


4.5 


128 


8 


71 


0.55 


0.92 




2 


100 


90 


4.5 


144 


9 


57 


0.61 


0.87 




3 


100 


90 


3.5 


153 


6 


47 


0.78 


0.59 
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Ex, 


Chill Temp 


MDTemp 


Stretch 
Ratio (x:1) 


TDTemp 


Stretch 
Ratio (y:1) 


Overall 
Rim Thick- 
ness (jim) 

(g/cm^) 


Optical Den- 
sity 


Density 


4 


90 


90 


3.5 


135 


6 


73 


064 


0.87 



Although only a few exemplary embodiments or tnis invention nave oeen 
,o the art will readily appreciate that many modtfications are possit)le in the exemplary embodmiente ^"^^o"! ^JJ^^'J^ 
diSlg S^^^ ^el teachings and advantages of this Invention. Accordingly, all such modrf^atons are intended to 
be induded within the scope of this invention. ie 

Great Britain Application 9705509.9 filed f^arch 18. 1997. the priority document of the present appHcaton. is 
hereby incorporated by reference in its entirety. 
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Claims 

1 A polymeric label formed from a film comprising a layer of propylene polymer resir| having microvoids therein, the 
microvoids horfng been formed by stretching a web containing the beta form of polypropylene. 

2. Alabel accordingtodaim 1. wherein the propylene polymer resin layer has at least one further polymeric layer Iher- 
eon. 

3. A label according to claim 1 . wherein the beta-form of polypropylene is produced by crystallizing the propylene pol- 
ymer resin in the presence of a beta-form nucleating agent. 

4. A label accoiding to claim 3. wherein the nucleating agent comprises N.N-Klicyclohexyl-2.6-naphthalene dicarbox- 

amide. 

30 5. A label according to claim 1 . wherein at least one surface thereof has been treated to increase its surface energy. 

6. A label according to claim 1 . wherein the film includes no antistatic agent. 

7. A label according to claim 1 . wherein the film has been biaxially stretched. 

^ 8. A label according to claim 7. wherein the film is formed by sequentially biaxially stretching. 

9. A label according to claim 1 , having a thickness of from 40 to 80 jim. 
40 10. A label according to claim i. wherein the film has been subjected to an area stretch ratio of at least 15:1. 

11. A label according to claim 1. which comprises one or more of a slip agent, an antistatic agent, an antiblock agent, 
a stabilizer, a UV absofber. or a pigment. 
45 1 2. A label according to claim 1 . which include less than 1% by weight of antistatic agent based on the total weight of 
the label. 

1 3. A label according to claim 1 . wherein the layer having microvoids includes no void-inliating particles. 

so 14. A label accoiding to claim 1 . wherein the layer having microvoids includes no opacifying pigments. 

15. A polymeric label formed from a film comprising an opaque layer of propylene polymer that does not include void- 
initiating particles or opacifying pigments. 

55 1 6. A method of making a label as claimed in claim 1 . comprising: 

(a) forming a film comprising the beta-form of polypropylene: 

(b) stretching the f Bm to form microvoids; and 
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(c) cutting the film into labels. 
17. A label according to claim 1 . comprising no antistatic agents. 
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